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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of 



Takaaki MAEKAWA et al. 



Attn: BOX PCX 



Serial No. NEW 



Docket No. 2001_1159A 



Filed August 17, 2001 

METHOD OF REMOVING PHOSPHORIC 
ACID CONTAINING WASTEWATER 
[Corresponding to PCT/JPOO/00933 
Filed February 18, 2000] 



Please amend the above-identified application as follows: 
IN THE SPECIFICATION 

Page 1, after the title of the invention, please insert: 

This application is a 371 application of PCT/JPOO/00933 filed February 18, 2000. 
IN THE CLAIMS 

Please rewrite the heading "CLAIMES" as follows: 

CLAIMS 

Please amend claims 3, 4, 6 and 8-10 as follows: 

3. (Amended) A method of removing phosphoric acid contained in wastewater as 

defined in claim 1, wherein the calcium compound is at least one member from calcium hydroxide, 
inorganic acid salt of calcium and organic carboxylic acid salt of calcium. 



PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents, 
Washington, DC 20231 



Sir: 



4. (Amended) A method of removing phosphoric acid contained in wastewater as defined in 
claim 1 , wherein the polymeric solid is at least one member from polyvinyl alcohol, partially esterified 
polyvinyl alcohol, polyacrylic acid, partially esterified polyacrylic acid, starch, partially acetylated 
starch, polysaccharides and partially esterified polysaccharides. 

6. (Amended) A method of removing phosphoric acid contained in wastewater as defined in 
claim 1, wherein the polymeric solid has a multi-layered structure. 

8 . (Amended) A method as defined in claim 1 , wherein the polymeric solid containing calcium 
or the compound thereof is mechanically vibrated to control surface deposition of calcium phosphate 
and diffiision of calcium. 

9 . (Amended) A method as defined in claim 2, wherein the polymeric solid containing calcium 
or the compound thereof and magnetite is mechanically or electromagnetically vibrated to control 
surface deposition of calcium phosphate and diflftision of calcium. 

10. (Amended) A method as defined in claim 1, wherein formed calcium apatite is 
recovered in running water. 

Please add new claims 13-19 as follows: 

13. (New) A method of removing phosphoric acid contained in wastewater as defined in 
claim 2, wherein the calcium compound is at least one member fi-om calcium hydroxide, inorganic 
acid salt of calcium and organic carboxylic acid salt of calcium. 

14. (New) A method of removing phosphoric acid contained in wastewater as defined in 
claim 2, wherein the polymeric solid is at least one member from polyvinyl alcohol, partially esterified 
polyvinyl alcohol, polyacrylic acid, partially esterified polyacrylic acid, starch, partially acetylated 



starch, polysaccharides and partially esterified polysaccharides. 



15. (New) A method of removing phosphoric acid contained in wastewater as defined in 
claim 14, wherein the polymeric solid is a gelled polyvinyl alcohol or a partial esterification product 
thereof. 

16. (New) A method of removing phosphoric acid contained in wastewater as defined in 
claim 2, wherein the polymeric solid has a multi-layered structure. 

17. (New) A method of removing phosphoric acid contained in wastewater as defined in 
claim 16, wherein the polymeric solid is formed with a coating layer of calcium alginate. 

18. (New) A method as defined in claim 2, wherein the polymeric solid containing calcium 
or the compound thereof is mechanically vibrated to control surface deposition of calcium phosphate 
and dififiision of calcium. 

19. (New) A method as defined in claim 2, wherein formed calcium apatite is recovered in 
running water. 

REMARKS 

The specification has been amended to insert a cross-reference to the Internafional 
Application. 

The claims have been amended to avoid the improper multiple dependency of some of them, 
and also to avoid the mulfiple dependent claim fee. 

Attached hereto is a marked-up version of the changes made to the claims by the current 
amendment. The attached page is capfioned " Version with markings to show changes made. " 



As a result of these amendments, new claims 13-19 have been added to the application. These 
new claims are the same as claims 3-8 and 10, respectively, except for their dependency. 



Respectfully submitted. 



Takaaki MAEKAWA et al. 




Registration No. 25,134 
Attorney for Applicants 



MRD/aeh 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
August 17, 2001 
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1. A method of removing phosphoric acid contained in 
wastewater, which comprises inclusively fixing calcium or a 
.compound thereof in a polymeric solid, and bringing the same 

with wastewater to form calcium apatite by reaction between 
phosphoric acid in wastewater and calcium. 

2. A method o£ removing phosphoric acid contained in 
wastewater, which comprises inclusively fixing calcium or a 
compound thereof and magnetite in a polymeric solid, and bringing 
the same with wastewater to form calcium apatite by reaction 
between phosphoric acid in wastewater and calcium. 

3. A method of removing phosphoric acid contained in 
wastewater as defined in claim l-c^, wherein the calcium compound 
is at least one member from calcium hydroxide, inorganic acid 
salt of calcium and organic carboxylic acid salt of calcium. 

4. A method of removing phosphoric acid contained in 
wastewater as defined in a rr y- ns^ ne e> € claim^ ^ V 
polymeric solid is at least one member from polyvinyl alcohol, 
partially esterified polyvinyl alcohol, polyacrylic acid, 
partially esterified polyacrylic acid, starch, partially 
acetylated starch, polysaccharides and partially esterified 
polysaccharides . 

5. A method of removing phosphoric acid contained in 
wastewater as defined in claim 4, wherein the polymeric solid 
is a gelled polyvinyl alcohol or apartial esterification product 
thereof. 

6 . A method of removing phosphoric acid contained in 
wastewater as defined in a«y-«r^^ claim 1 -fc^. wherein the 
polymeric solid has a multi- layered structure. 
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7. A method of removing phosphoric acid contained in 
wastewater as defined in claim 6, wherein the polymeric solid 
is formed with a coating layer of calcium alginate. 

8. A method as defined in a ny - ^ e- & g claitn^^ 1 tt ^ . wherein 
.the polymeric solid containing calcium or the compound thereof 

is mechanically vibrated to control surface deposition of 
calcium phosphate and diffusion of calcium. 

9. A method as defined in any claim^ 2 r^^, wherein 
Che polymeric solid containing calcium or the compound thereof 
and magnetite is mechanically or electromagnetically vibrated 
to control surface deposition of calcium phosphate and diffusion 

of calcium. 

10. A method as defined in ®fty-4^'e'*of claim^ 1 , wherein 
formed calcium apatite is recovered in running water. 

11 - An inclusion immobilizing support for removing phosphoric 
acid in wastewater wherein calcium or a compound thereof is 
supported on a polymeric solid. 

12. A support as defined in claim 11 wherein the magnetite 
is contained in the polymeric solid. 
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METHOD OF REMOVING PHOSPHORIC ACID 
CONTAINING WASTEWATER 



TECHNICAL FIELD 

The invention Of the present application concerns a method 
of removing phosphoric acid from general domestic wastewater, 
industrial wastewater or the like. Further, more in particular , 
the invention of the present application concerns a method of 
removing phosphoric acid from domestic wastewater, as well as 
various kinds of wastewater discharged from food industries 
and agricultural production fields. 



BACKGROUND ART 

The concentration of phosphoric acid in domestic 
wastewater is about 2 to 3 mg/L and removal of phosphoric acid 
in the domestic wastewater has become an important subject for 
the requirement of removing phosphoric acid from wastewater, 
for example, from food industries and agricultural production 
fields, as well as for preventing eutrophica tion rivers and 
lakes . 

In view of the subject described above, studies have been 
made so far on the removal of phosphoric acid. Then, a method 
of removing phosphoric acid by reacting phosphoric acid in a 
solution containing calcium in excess has been proposed. 
However, since this existent method is adapted to add a calcium 
solution to liquid wastes containing phosphoric acid by way 
of a pump or the like, it has been a problem that calcium can 
not easily be added in domestic wastewater draining channels. 
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DISCLOSURE OF THE INVENTION 

In view of the above, for solving the subject in the prior 
art as described above and facilitating addition of calcium 
to wastewater, the inventors of the present application have 
■invented a method of gradually releasing calcium by supports 
including calcium and adding the same to wastewater in draining 
channels . 

That is, the invention provides, at first, a method of 
removing phosphoric acid contained in wastewater, which 
comprises including and immobilizing calcium or a compound 
thereof in a polymeric solid, bringing the same into contact 
with wastewater and forming calcium apatite by the reaction 
between phosphoric acid in wastewater and calcium. 

Further, the invention provides, secondly, a method of 
removing phosphoric acid contained in wastewater, which 
comprises including and immobilizing calcium or a compound 
thereof and magnetite in a polymeric solid, bringing the same 
into contact with wastewater and forming calcium apatite by 
the reaction between phosphoric acid in wastewater and calcium. 

The invention provides, thirdly, the method described 
above in which the calcium compound is at least one member from 
water solubilized calcium, inorganic acid salt of calcium and 
organic carboxylic acid salt of calcium, fourthly, the method 
as described above in which the polymeric solid is at least 
one member from polyvinyl alcohol, partially esterified 
polyvinyl alcohol, polyacrylic acid, partially esterified 
polyacrylic acid, starch, partial acetylated starch, 
polysaccharides and partial esterified product of 
polysaccharides, fifthly, the method as described above in which 
the polymeric solid is a gelled polyvinyl alcohol or a partially 
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esterif led product thereof , sixthly, the method as defined above 
in which the polymeric solid has a multi-layered structure and, 
seventhly, the method described above in which the polymeric 
solid is formed with a coating layer of calcium alginate. 

Then, the invention provides, eighthly, a method of 
controlling surface deposition of calcium phosphate and 
diffusion of calcium by mechanically vibrating apolymeric solid 
containing calcium or a compound thereof, ninthly, a method 
of controlling surface deposition of calcium phosphate and 
diffusion of calcium by mechanically or electromagnetically 
vibrating a polymeric solid containing calcium or a compound 
thereof and magnetite, and, tenthly, a method of recovering 
calcium apatite formed in running water. 

Further, the invention provides , eleventhly, an inclusive 
immobilizing support for removing phosphoric acid in wastewater 
in which calcium or a compound thereof is supported on a polymeric 
solid, and, twelfthly, an inclusion immobilizing support in 
which magnetite is contained in the polymeric solid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig . 1 shows a cross sectional view illustrating an example 
of a mechanical vibration system. 

Fig . 2 shows a cross sectional view illustrating an example 
of a vibration system using an electromagnet. 

Fig. 3 shows an outlined constitutional view illustrating 
an example of a processing system in which a settling tank is 
disposed . 

Fig. 4 shows a graph illustrating the result of processing 
in a case where seed crystals are not present. 

Fig. 5 shows a graph illustrating the result of processing 
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in a case where seed crystals are present. 
References in the drawings, denote the followings. 

(1) immobilizing support 

(2) net 

(3) processing tank 

(4) magnet 

(5) drain channel 

(6) settling tank 

(7) calcium apatite crystal 

(8) cage 

BEST MODE FOR CARRYING OUT THE INVENTION 

The invention has the features as described above and 
the mode of practicing thereof is to be explained. 

In the invention, an inclusion solid support in which 
calcium is supported on a polymeric solid is used for removing 
phosphoric acid in was tewater . The polymeric solid in this case , 
more preferably contains magnetite, and various kinds of 
materials maybe used so long as they have satisfactory supporting 
property for calcium and, for example, polymers having anionic 
groups such as hydroxy groups or carboxyl groups, and like other 
various kinds of materials may be used. For example, more 
preferred materials may include polyvinyl alcohol (PVA) , 
partially esterification ( such as acetylation) products thereof , 
polyacrylic acid, partial esterification products (methyl 
esters) , starch powder, partial acetylation products thereof, 
as well as other polysaccharides. 

Calcium may be supported on the polymeric solid as calcium 
or as a calcium compound such as calcium hydroxide, calcium 
carbonate, calcium chloride and calcium organic carboxylate. 
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For the support to the polymeric solid in the invention of the 
present application, it may have a multi-layered structure. 
For example, calcium hydroxide or calcium carbonate may be 
kneaded into acetylated starch, which is molded into a spherical 
•or pellet shape and then a PVA layer may be formed to the surface 
of the molding product by using an aqueous solution of polyvinyl 
alcohol (PVA) . Further, it may consist only of PVA without using 
starch . 

Then, since water-containing PVA has a strong solid 
structure by repetitive refrigeration and thawing into a gel, 
the repetitive processing of refrigeration and thawing is 
effective . 

The refrigeration in this case is preferably conducted 
as a processing within a range from -30°C to -15°C for 20 to 
6 0 hours. 

Further, it is preferred that the PVA concentration of 
the aqueous solution of PVA is from 5 to 20% by weight, the 
average molecular weight of PVA is from 1000 to 4000 and, more 
preferably, 1500 to 2500. Further, the degree of gelation is 
preferably 80% or more. 

For the size of the polymeric solid, the maximum outer 
diameter, for example, is suitably from 3 to 20 mm. 

In the invention of the present application, by utilizing 
the nature of alginic acid ions of chemically bondingwith calcium 
ions to form a polymer, alginic acid may be coated on the surface 
of the polymeric solid described above, which is then treated 
with a solution such as of calcium chloride, to form a layer 
of calcium alginate. 

The concentration of alginic acid in this case is suitably 
from 0.2 to 1.0% by weight. 
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It is of course possible to form a PVA coating layer further 
on the coating of calcium alginate as described above and gelling 
the same by repetitive refrigeration and thawing . Although not 
always necessary, magnetite is incorporated into the polymer 
- for providing the polymer with magnetic property and make the 
support displaceable or movable by magnetic fields generated 
by magnetic field forming means (for example, electromagnet 
or permanent magnet disposed) to a wastewater processing tank 
or to the outside of a wastewater processing zone . The magnetite 
may be a powder of super-paramagnetic material not adhering 
to each other if the magnetic field is not present . For instance, 
it may be a powder of oxide of metals such as iron. 

The method of the invention and the immobilizing support 
used therefor can include an embodiment that supported calcium 
reacts with phosphoric acid in wastewater on the surface of 
the immobilizing support or in a state released in the solution 
to form calcium phosphate, that is, calcium apatite, which may 
be separated as recovered as crystals. 

In a state where calcium phosphate crystals are deposited 
as they are on the surface of the support, since diffusion of 
calcium may possibly be hindered, deposition of crystals on 
the surface of the support can be prevented, for example, as 
shown in Fig. 1, by enclosing an immobilizing support (1) with 
a net (2) of a large pore size or the like, which is placed 
in a processing tank (3) and vibrated mechanically. Further, 
deposition of crystals to the surface of the support can be 
prevented in the same manner also by incorporating magnetite 
to the support (1) of the polymeric solid and vibrating them 
by changing the magnetic fields by an electromagnet (4) disposed 
at the periphery as shown in Fig. 2. 
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Also with the view point of controlling the releasing 
density of calcium, the releasing rate can be controlled by 
vibrating the support by the methods described above. 

While obtained calcium apatite crystals can be re-used, 
-forexample, as fertilizers , it is desired that they are recovered 
by a more simple method so as not to be discharged from the 
draining channel. Various kinds of means maybe considered for 
this purpose. For example, as shown in Fig. 3, calcium apatite 
crystals (7) can be separated and recovered easily from 
wastewater by disposing a setting tank (6) at the terminal end 
of the draining channel (5) and periodically recovering them. 
Releasing or diffusion of calcium from the immobilizing support 
can be controlled, for example, in accordance with concentration 
of PVA or the like as the polymer of the immobilizing support, 
calcium concentration, thickness of the immobilizing support 
and vibration speed. It is essential to prevent inhibition of 
calcium diffusion in a case where reaction is taken place on 
the surface of the support. Calcium phosphate can be re-used 
as a fertilizer by periodical recovering operation by diffusing 
calcium in the inside of the support by compulsory vibration, 
accumulating calcium apatite as reaction products to the 
settling tank and recovering them periodically. In this case, 
the calcium containing polymeric support is exchanged, for 
example, periodically. 

In the embodiment shown in Fig. 3, the calcium containing 
polymeric support (1) is placed, for example, in an easily 
vibrated cage (8) and dipped in a place of a draining channel 
(5) where wastewater runs and the cage (8) or the like is disposed 
at the succeeding place so that the cage (8) can be vibrated 
mechanically or electrically, but it is not restricted only 
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to such an example. The processing conditions are set 
appropriately and the immobilizing support may be of a fixed 
bed or a fluidized bed. 

Then, examples are shown next and the invention is to 
be explained more in details . 

EXAMPLE 
Example 1 

Method of preparing calcium-containing immobilizing 
support 

<A> For the support of calcium, calcium hydroxide or quick 
lime is kneaded with acetylated starch at 1 : 1 (weight ratio) 
and prepared into a 5 - 10 mm spherical or pellet shape by an 
extrusion molding machine, which is dropped into an aqueous 
10 to 15 wt% solution of PVA, on which a thin layer is formed. 

It is preferred that the average molecular weight of PVA 
is about 2000 and the saponification degree thereof is about 
95% or more. An aqueous solution of PVA at 10 to 15% by weight 
is prepared and used. Since water- containing PVA molecules have 
a nature of releasing water molecules from the solid structure 
of the polymer to be gelled and form a strong structure when 
repeating refrigeration and thawing, this property is utilized. 
Specifically, it was frozen at a low temperature of about -20°C 
for 24 to 48 hours, which is repeated for 2-3 times to progress 
polymerization of PVA and enhance the physical strength. The 
substitution degree of acetylation for the acetylated starch 
and the size of the porous gel of the PVA polymer obtained by 
the operation control the releasing speed of the calcium ions. 

<B> Further, since alginic acid ions have a property of 
chemically bonding with calcium ions to form a polymer and become 
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insolubilized, this property can be utilized for the coating 
of the surface of the polymeric solid. Specifically, the 
polymeric solid is dropped in an aqueous solution of alginic 
acid at 0.5 to 5% by weight, or an aqueous solution of alginic 
acid at 0 . 5 - 5% by weight is sprayed on the surface of the 
polymeric solid, which is dropped in a saturated solution of 
calcium chloride. Then, the thus formed calcium alginate is 
rendered water insoluble and the coating layer is formed thereon 
with the aqueous solution of PVA at 10 to 15 wt% described above, 
and refrigeration is repeated for 2 to 3 times at a low temperature 
of about -2 0°C to gel the same. 

<C> When the magnetite is used, 1.5 to 3 . 0 g of magnetite 
is previously mixed preferably to 50 - 100 ml of an aqueous 
solution of PVA before polymerization by refrigeration or the 
like, which is then used. 
Example 2 

Calcium is supported to form an inclusion immobilizing 
support as in Example 1<A> . A solution at an initial phosphoric 
acid concentration of 3 mg/L was processed by using the same. 
Fig. 4 shows a relation between the processing time and the 
change of the phosphoric acid solution in a case of not adding 
calcium chloride as seed crystals and Fig. 5 shows that in a 
case of adding the seed crystals. 

As a result, it was confirmed that the concentration of 
phosphoric acid can be lowered to about 0.1 to 1 mg/L. Since 
the phosphoric acid concentration in domestic wastewater 
draining channel is usually about several mg/L, it canbe expected 
for a removing ratio of about 80% to 90%. It is considered that 
the final concentration is about 0.5 mg/L also in a case where 
the concentration of phosphoric acid is higher than several 
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mg/L . 

According to the invention of the present application, 
excellent effects can be obtained in that (1) calcium can be 
added easily by including and immobilizing calcium in the polymer 
(2 ) surface deposition and diffusion of calcium can be controlled 
by vibrating the magnetite- containing polymer electrically or 
mechanically and (3) calcium apatite crystals can be separated 
and recovered from wastewater by periodically recovering then 
in a settling tank disposed at the final end of the draining 
channel and calcium phosphate can be used again easily as the 
calcium phosphate in the crystallizing operation of selectively 
removing phosphoric acid in wastewater in the draining channels . 
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CLAIMES 



1. A method of removing phosphoric acid contained in 
wastewater, which comprises inclusively fixing calcium or a 
compound thereof in a polymeric solid, and bringing the same 
with wastewater to form calcium apatite by reaction between 
phosphoric acid in wastewater and calcium. 

2 . A method of removing phosphoric acid contained in 
wastewater, which comprises inclusively fixing calcium or a 
compound thereof andmagnetite in apolymeric solid, andbringing 
the same with wastewater to form calcium apatite by reaction 
between phosphoric acid in wastewater and calcium. 
3 . A method of removing phosphoric acid contained in 
wastewater as defined in claim 1 or 2 , wherein the calcium compound 
is at least one member from calcium hydroxide, inorganic acid 
salt of calcium and organic carboxylic acid salt of calcium. 

4 . A method of removing phosphoric acid contained in 
wastewater as defined in any one of claims 1 to 3 , wherein the 
polymeric solid is at least one member from polyvinyl alcohol, 
partially esterified polyvinyl alcohol, polyacrylic acid, 
partially esterified polyacrylic acid, starch, partially 
acetylated starch, polysaccharides and partially esterified 
polysaccharides . 

5 . A method of removing phosphoric acid contained in 
wastewater as defined in claim 4, wherein the polymeric solid 
is a gelled polyvinyl alcohol or apartial esterification product 
thereof . 

6. A method of removing phosphoric acid contained in 
wastewater as defined in any one of claim 1 to 5 , wherein the 
polymeric solid has a multi - layered structure. 



11 



7 . A method of removing phosphoric acid contained in 

wastewater as defined in claim 6, wherein the polymeric solid 
is formed with a coating layer of calcium alginate. 

8. A method as defined in any one of claims 1 to 7 , wherein 
the polymeric solid containing calcium or the compound thereof 
is mechanically vibrated to control surface deposition of 
calcium phosphate and diffusion of calcium. 

9. A method as defined in any one of claims 2 to 7 , wherein 
the polymeric solid containing calcium or the compound thereof 
and magnetite is mechanically or electromagnetically vibrated 
to control surface deposition of calcium phosphate and diffusion 
of calcium. 

10. A method as defined in any one of claims 1 to 9, wherein 
formed calcium apatite is recovered in running water. 

11 . An inclusion immobilizing support for removing phosphoric 
acid in wastewater wherein calcium or a compound thereof is 
supported on a polymeric solid. 

12. A support as defined in claim 11 wherein the magnetite 
is contained in the polymeric solid. 
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